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^Method for Monitoring the Quality of Spot J fle lds ^ 

The invention relates to a method for monitoring the quality 
of spot welds, particularly for robotic applications, as defined 
in the classifying clause of claim 1. 

The most different systems for assessing the quality of a 
welding spot have already been known, as is to be taken from EP 
0^ 830 _914, Bl. 

US 3 940 624 A describes a method and a device for monitor- 
ing welds by radiating the welding site with an infrared-light 
source and optically detecting the resulting reflected or trans- 
mitted radiation. According to a variant of the described meth- 
od, a mylar film is drawn over the welding site with a liquid 
crystal and the change in the liquid crystal brought about by 
the heat radiated from the welding site is optically detected. 
In doing so, it is disadvantageous that the welding spot itself 
or the liquid crystal display, which is not stable though, is 
evaluated, thus necessitating site-related and time-related 
measurements . 

The invention is based on the object of providing a method 
for monitoring the quality of spot welds, particularly for ro- 
botic applications, by which the detection of a welding spot is 
rendered feasible in a simple manner, this being not directly 
effected on the metal sheet to be welded. 

The term metal sheet is meant to encompass any type of work- 
pieces or structural components to be connected by spot welding 
methods, such as, for instance, car bodies. Welding spot also 
comprises the term weld nugget, which is commonly used in tech- 
nical circles . 

The object of the invention is achieved in that a strip or 
foil is inserted between the electrodes or electrode caps and 
the workpieces, particularly metal sheets or structural compon- 
ents, which strip or foil is conveyed on after a welding pro- 
cess, and wherein the strip or foil is configured in a manner 
that a mirror-inverted and, in particular, proportional image or 
reproduction of the weld nugget or welding spot produced on the 
workpiece is formed on the strip or foil during the welding pro- 
cess and said mirror-inverted image or reproduction formed on 
the strip or foil is detected and evaluated by the evaluation 
means, with the size, shape and position of the welding spot or 



weld nugget being concluded from said image or reproduction by 
said evaluation device, or a control and/or evaluation means of 
a welding apparatus. By conveying the strip or foil on after a 
welding process, it is safeguarded that only a single reproduc- 
tion of a welding spot will always be made in a defined strip 
area. In doing so, it is advantageous that such evaluation may 
take place at any time, since it will always be feasible to draw 
conclusions as to the respective welding spot on the workpiece 
or metal sheet from the mirror-inverted reproductions formed on 
the strip. Another essential advantage resides in that an evalu- 
ation may be carried out directly on the welding tong, thus pre- 
venting downtimes during automated production. In doing so, it 
is also advantageous that it is not the welding spot on the 
workpiece or metal sheet itself which is evaluated, but a mir- 
ror-image reproduction of the welding spot, so that any evalu- 
ation can be done in a locally unrestricted manner. The method 
excludes a number of uncertainties like electrode wear, vari- 
ations in the sheet metal thickness or layer thickness, lot-spe- 
cific material deviations, etc., inherent in conventional 
quality monitoring systems, since the method according to the 
invention aims to detect the size, shape and position of a re- 
production or image of the welding spot or weld nugget. Another 
advantage resides in that the accessibility of a commercially 
available welding tong is not affected, since an evaluation may 
be realized on the welding tong in an area remote from the weld- 
ing process, whereas with commercially available systems and, in 
particular, ultrasonic systems, an evaluation must be performed 
in the region of the welding process, which would call for in- 
creased structural dimensions in the region of the electrode 
pick-up assembly, thus deteriorating the handling and accessib- 
ility of such known systems. Another, very essential advantage 
resides in that the strip serves at the same time as an elec- 
trode protection means and hence substantially increases the 
service life of the electrode. Consequently, one of the major 
causes for defective welding spots (worn electrodes) is ex- 
cluded . 

In addition, it is feasible and advantageous to determine 
the shape and position of the welding spot or weld nugget in or- 
der to enable the determination of the relation between the lon- 
gitudinal and transverse strengths. 
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Measures according to any one of claims 2 to 5 are of ad- 
vantageous too, since they enable the optimum mutual adaptation 
of the materials involved so as to ensure a reproduction on the 
strip as perfect as possible. 

Measures according to claim 6 are also advantageous, since 
they enable an optimum operation sequence to be carried out as a 
function of the required priority or necessity. It is also feas- 
ible to evaluate specific welding spots immediately after weld- 
ing and other welding spots only after the execution of all 
welding operations to be carried out. 

By the measures according to claim 7 or 8, it is provided in 
an advantageous manner that already known systems and, in par- 
ticular, software programs may be used to detect and measure 
pictures or data for the determination of size, shape and posi- 
tion. 

Also of advantage are the measures according to claim 9 or 
10, since they enable the use of deposited references, which are 
deposited for every single case of application. Such references 
may comprise a deposited picture of a standard weld or deposited 
parameters like the size, shape or position of a standard weld. 

Moreover, the measures according to claim 11 are advantage- 
ous in that they enable the further processing or recalling of 
data at any time. 

Measures according to claim 12 are of advantage too, since 
in that case the evaluation means need not be arranged on site, 
i.e., directly on the robot. 

In the following, the invention will be explained in more 
detail by way of an exemplary embodiment. 

Fig. 1 is a diagrammatic representation in a simplified, 
schematic illustration, of a spot welding device used in the 
method according to the invention for monitoring the quality of 
spot welds. 

Fig. 2 is a diagrammatic representation of a completed weld- 
ing process with a section through the welding spot in a simpli- 
fied, schematic illustration. 

Figs. 1 and 2 depict a spot welding device 1 and, in partic- 
ular, a welding tong 2 for the resistance welding of metal 
sheets 3, 4 or structural components, said spot welding device 1 
being preferably employed in robotic applications. In a pre- 
ferred manner, the spot welding device 1 is equipped with a spot 
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welding tool 5 and a winding device (not illustrated) for wind- 
ing and unwinding a strip 7 or foil transversely engaging at an 
electrode 6, said winding device being arranged either directly 
on the welding tong 2 or externally therefrom. 

The guidance of the strip 7 about the electrode 6 may be 
realized in the most different ways, which is why just one exem- 
plary embodiment will be briefly explained below. In this con- 
text, it should be mentioned that such an exemplary embodiment 
does not require the use of a spot welding tool 5, but merely 
the presence of an electrode 6, any further components for guid- 
ing and winding or unwinding the strip 7 being designed as sep- 
arate devices and arranged accordingly. In the embodiment 
illustrated, a spacer 9 is arranged around the electrode 6 in 
the region of an electrode cap 8, or contact surface of the 
electrode 6 with the metal sheet 3, 4 or structural component. 
The spacer 9 is, for instance, movably attached to the electrode 
6 in a manner that additional pressure can be imparted on the 
workpiece or metal sheets 3, 4 via the spacer 9. It is, further- 
more, ensured by the movable mounting of the spacer 9 that the 
spacer 9 will lift the type 7 off the electrode 6 after a weld- 
ing process, i.e., that the spacer 9 will automatically lift the 
strip 7 off the electrode surface or electrode cap 8 during or 
after the opening of the welding tong 2, whereas the spacer 9 
will be displaced relative to the electrode 6 during closing of 
the welding tong 2, thus causing the strip 7 to enter into abut- 
ment on the electrode 6. 

In the exemplary embodiment illustrated, the spot welding 
tool 5 is comprised of an annular assembly which is inserted 
into the welding tong 2, wherein the spacer 9 is formed by a 
metal ring of low electrical conductivity, which is axially dis- 
placeable on the cylindrical electrode 6. In the relieved state, 
the spacer 9 projects beyond the electrode 6. A support element 
10 comprising guide channels 11 for receiving the strip 7 is 
further arranged on the electrode 6. An adjustment means 12, 
particularly a spring element, is arranged between the support 
element 10 and the spacer 9, thus enabling the spacer 9 to be 
displaced along the electrode 6 by appropriate pressure applica- 
tion, with the adjustment means 12 being deformed or displaced. 

The components, particularly metal sheets 3, 4, are mechan- 
ically pressed against each other by the welding tong 2 via the 
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electrode 6 over the entire spot welding process. In spot-weld- 
ing, the metal to be connected is smelted rapidly for a short 
period of time by ohmic resistance heating caused by a current 
flow between the electrodes 6, wherein, after this, the smelted 
region is rapidly cooled again and solidifies by heat conduc- 
tion, with the parts or metal sheets 3, 4 thus having been con- 
nected by a welding spot 13 or weld nugget, as is schematically 
illustrated in Fig. 2. 

The heat amount formed, and hence the volume of smelted ma- 
terial, depend on the conductivity of the material of the metal 
sheets 3, 4, on the welding time, on the welding current and, to 
be more precise, on the current density through the desired 
welding spot 13 or weld nugget, and on the individual resist- 
ances of the welding power circuit- The following parameters or 
conditions have to be taken into account in a welding process of 
this type and usually can be balanced only by considerable auto- 
matic control engineering measures, or cannot be monitored or 
influenced at all: The electrical and thermal conductivities are 
material-specific, yet largely determined. The welding time is 
to be observed at relatively low expenditures. The welding cur- 
rent can be kept constant by automatic control. Yet, the contact 
surface may become too large, and hence the current density too 
small, on account of deformed and, in particular, worn elec- 
trodes 6. It may, moreover, happen that current flows past the 
desired welding spot 13 without contributing to material smelt- 
ing due to preceding welding spots 13 or deformations of the 
metal sheets 3, 4, The resistances of the welding power circuit 
and, in particular, the preponderant contact resistances are 
subject to unpredictable and uncontrollable fluctuations caused, 
for instance, also by contaminated metal sheets 3, 4 or contam- 
inated electrodes 6. Furthermore, poor welding spots 13 may be 
caused by an imperfect positioning of the welding tong 2 or met- 
al sheets 3, 4, or by deformations of the metal sheets 3, 4, 
which prevent the electrodes 6 from contacting the metal sheets 
3, 4, or the metal sheets 3, 4 from contacting each other, as 
required. The above-mentioned reasons urgently call for the mon- 
itoring of the quality of welding spots and, in particular, the 
inspection of the welding spot 13 after a welding process. 

The method according to the invention for monitoring the 
quality of spot welds is based on the principle of detecting the 



maximum temperatures with their geometric expansions on the sur- 
faces of the metal sheet, i.e., the welding spot 13. In doing 
so, it is not proceeded in the manner known per se by measuring 
the temperature distribution on the surface of the metal sheet 
immediately after the welding process, e.g., by the aid of a 
thermal imaging camera or by an optical evaluation directly on 
the workpiece or metal sheet 3, 4. Instead, a well conductive 
foil or strip 7 is located between the electrode 6 and the metal 
sheet 3, 4 during welding. Said foil or strip 7 changes its 
properties as a function of the maximum temperature prevailing 
on the respective site. This may, for instance, be achieved by a 
thin coating which undergoes a clearly visible or otherwise de- 
tectable property change, or melts itself, below or in the range 
of the melting temperature of the material of the metal sheets 
3, 4 to be welded. The change visible or measurable after weld- 
ing is a measure for the size of the welding spot and automatic- 
ally evaluatable at reasonable expenditures. 

Both the used foil and the strip 7 as well as their possibly 
present coating must offer good electrical conductivities in or- 
der for the heating of the strip 7 to be effected to the major 
extent not directly by the welding current, but preferably by 
heat conduction from the metal sheets 3, 4. 

As already described above, the strip 7 or foil is inserted 
between the electrodes 6 or electrode caps 8 and the workpieces, 
particularly metal sheets 3, 4 or structural components, wherein 
the strip 7 or foil is configured such that a mirror-inverted 
and, in particular, proportional image or reproduction 14 as 
schematically illustrated in Fig. 2, of the weld nugget or weld- 
ing spot 13 formed on the workpiece or metal sheets 3, 4 will be 
produced on the strip 7 or on the foil, respectively. This mir- 
ror-inverted image or reproduction 14 on the strip 7 or foil is 
detected and evaluated by an evaluation means (not illustrated) , 
whereby the size, shape and position of the welding spot 13 or 
weld nugget is concluded from said image or reproduction 14 by 
said evaluation means, or a control and/or evaluation device of 
a welding apparatus (not illustrated) . The evaluation means may 
directly be positioned on the welding tong 2 such that the strip 
7 is moved past the same, whereby the evaluation can be made. It 
goes without saying that the evaluation means may also be ar- 
ranged externally. 



The material of the strip 7 or foil, or of a coating applied 
thereon, is tuned to the materials of the metal sheets 3, 4 to 
be welded, so that the temperature occurring on the metal sheets 
3, 4 during welding produces the image or reproduction 14 on the 
strip 7, which is formed on account of a detectable change in 
the condition, particularly color change, reaction or change in 
the aggregation state, of the strip 7 or foil, or of the coating 
applied thereon, A method of this type is, thus, applicable with 
almost any material, since the appropriate adaptation of the 
strip 7 will always produce a reproduction 14 capable of being 
evaluated in a simple form. It is also feasible to apply a coat 
of lacquer on the strip 7 or foil, which coat of lacquer melts 
or evaporates at the temperature generated by the welding pro- 
cess, thus again forming a mirror-inverted, proportional image 
or reproduction 14. For instance, when welding aluminum sheets 
3, 4, a tinplate strip 7 or a strip 7 having a tin coating is 
preferably used, and when welding zinc-coated sheets 3, 4, a 
copper strip 7 or a strip 7 having a coating of copper is 
preferably used. 

What is essential is that the strip 7 is conveyed on after 
every welding process such that a single welding spot 13 will be 
formed in an area of the strip, so as to allow the reproduction 
14 formed on the strip 7 to be allocated to a particular welding 
spot 13 on the metal sheet 3, 4. The evaluation of the strip 7 
is, for instance, effected after every welding spot 13 or after 
any desired number of welding spots 13. 

The evaluation of such a reproduction 14 can be effected in 
the most different ways. In order to assess or check a welding 
spot 13, it is essential to the method according to the inven- 
tion to produce a mirror-inverted reproduction 14 on the strip 7 
or foil for subsequent evaluation rather than using the welding 
spot 13 itself, as is known from the prior art. In order to 
evaluate or determine the size, shape or position of the welding 
nugget or welding spot 13, an optical picture is, for instance, 
made by the evaluation means, particularly a camera, and the di- 
mensions of the picture of the reproduction 14 or image are 
measured, this being feasible automatically using appropriate 
software programs or manually. It is further conceivable that, 
considering the widespread digital technology of, for instance, 
a digital camera, a digital signal is emitted by the evaluation 
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means, which is evaluated for the evaluation or determination of 
the size, shape or position of the welding nugget or welding 
spot 13. 

The determined dimensions of the image or reproduction 13 
are preferably multiplied by a deposited factor in order to ob- 
tain the actual dimensions of the welding spot 13 or weld nug- 
get. It is also feasible to compare the image or reproduction 14 
formed on the strip 7 with a deposited reference in order to as- 
sess the weld nugget or welding point 13. After this, it is pos- 
sible to record the determined dimensions of the weld nugget or 
welding spot 13 in a welding protocol or in a database. By de- 
termining the size, shape and position of the reproduction 13, 
it is subsequently feasible to find out, by appropriate further 
processing of the data, whether the produced welding spot 13 is 
in order. Such evaluations are automatically performed by the 
evaluation means or welding apparatus through suitable software 
programs. It is also feasible to remove the strip 7 or foil from 
the welding tong 2 or spot-welding apparatus and, in particular, 
from the winding device to evaluate and even archive the same in 
a separate evaluation unit at the end of a welding process, 
which may comprise several welding spots 13. The allocation of 
the individual reproductions 14 on the strip 7 to the individual 
welding spots 13 on the metal sheet 3, 4 or workpiece is readily 
feasible by robotic application, since it is precisely defined 
in the robot where and in what order the welding spots 13 are 
being produced. 

Finally, it should be noted that individual states or illus- 
trations have been disproportionally represented in the previ- 
ously described exemplary embodiments in order to enhance the 
understanding of the solution according to the invention. 
Moreover, independent solutions according to the invention may 
also be formed by individual states or representations of the 
previously described combinations of the characteristic features 
of the individual exemplary embodiments in connection with other 
single characteristic features taken from other exemplary embod- 
iments . 



